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Description 

Field of the Invention 

[0001] The present invention relates to an apparatus 
and a method for producing foamed styrene resin 
beads, comprising the means of carrying out the prepo- 
lymerization prior to the main polymerization, effectively 
cooling the resin beads in conjunction with the aging ef- 
fect, facilitating the cleansing effect by using the force 
of movement of the resin beads, and finally removing 
the moisture from the resin beads prior to the drying 
process. The use of said apparatus with the means as 
set forth above in sequence results improved efficiency 
of the overall production line. More particularly, the in- 
vention herein relates to an apparatus and a method for 
producing foamed styrene resin beads with high produc- 
tivity, which yields even particles with the target size, re- 
duces the energy consumption during said production, 
and significantly shortens the reaction cycle as com- 
pared to that in the prior art. 

Background of the Invention 

[0002] In general, the apparatus for producing a 
foamed styrene resin beads consists of several tanks 
containing the pure water, styrene monomer, or the ad- 
ditives, respectively, the cooling and heating means, a 
bath for polymerizing said materials, the tank for wash- 
ing-out the impurities attached on the particles, a cen- 
trifuge for removing the water moiety, and a hot-air dryer. 
[0003] The process for preparing the resin beads by 
-tree-ef- such an app-aratos-ean-be- summa rize d as f o l — 
lows: 

[0004] The pure water, styrene monomer and the ad- 
ditives supplied from the respective tanks are intro- 
duced into the bath and reacted at the pre-determined 
temperature, and for a predetermined time period, an 
amount of resin beads reacted are cooled in the polym- 
erization bath, and then introduced into the separate 
tank to wash out the impurities attached on the beads. 
[0005] Furthermore, after washing, the water is re- 
moved out by way of a centrifuge, whilst drying the 
beads completely by hot-air dryer, then, finally through 
the step cf binding the products by the desired unit vol- 
umes, the foamed styrene resin is produced. 
[0006] However, since if the products are not aged for 
a certain period of time after being produced by the in- 
ternal foaming process, the physical properties of the 
products are degraded, hence it is essential forthe prod- 
ucts to be aged at least for 60 to 90 days in the refrig- 
erator room, etc. 

[0007] Nevertheless, conventional apparatus for 
preparation, of the foamed styrene resin beads have 
several disadvantages, in which there needs a consid- 
erable time period required for the reaction as well as 
forthe cooling step because all the respective reactants 
are introduced in one bath in a quantity, while th warm- 



ing step and the cooling step arc performed, i.e. one- 
batch style, therefore, it is difficult to control the size of 
the resin particles, the size of particles having a wide 
distribution to the undesirable extent. Since the cleaning 
5 water containing HCI is used in the washing step, there 
results in contamination of the water for operation as 
well as achieving only an insufficient cleansing effect. 
[0008] In particular, since the styrene resin beads es- 
sentially needs to be aged for a long time after the prep- 
10 aration process in order to enhance the value of the 
products, the method using an apparatus of the prior art 
was predominantly disadvantageous with respect to the 
competitiveness of the products. 
[0009] In other words, since a considerable time pe- 
*s nod is required in the reaction and/or cooling steps as 
well as in the aging steps according to the prior methods, 
the competitiveness of the products therefrom is inevi- 
tably lowered, and it was also not effective in terms of 
the productivity because the sizes of the product parti- 
es cles are preaominantiy distributed within a range that 
the consumers do not desire. 

[0010] WO-A-9708231 describes a continuous proc- 
ess for bead-form expandable styrene polymers result- 
ing in pearis with a narrow pearl size distribution and a 
25 low reTnalrfirig styrene content, in which the styrene is 
first prepolymerized in bulk to a conversion of 1 0 to 80%. 
The prepolymerized styrene is then dispersed in liquid 
form in an aqueous phase in the presence of suspension 
stabilizers in a dynamical mixer, which can be a screw 
30 feeder, i. e. a simple transporting and mixing means. 
The prepolymerized styrene is transported through the 
screw feeder to a main polymerization reactor, wherein 
it is final l y po l ymor i zod i n an aq ue o u s s u s pensi on to a 



35 



residual styrene content of less than 2000 ppm. 



SUMMARY OF THE INVENTION 



[001 1 ] Therefore, the present invention is designed to 
solve such problems in the prior arts, and it is an object 

^0 of the invention to provide an apparatus for the prepa- 
ration of foamed styrene resin beads with the higher 
competitiveness of the products, comprising a means 
for prepolymerization, a reaction means with the screw- 
feeder and a main reaction means, wherein the step-by- 

^5 step reactions are carried out sequentially through the 
means, and after the reaction is ended, the products are 
maintained at a suitable temperature by passing 
through a cooling means in the swing manner and/or a 
washing means in the impact-shower manner, and 

50 wherein, when being dried through the dehumidifier, the 
temperature of the products is reduced to the lowest lev- 
el as possible in order to keep the optimum physical 
properties of the resin, whereby being able to easily con- 
trol the sizes of the resin beads as well as to yield the 

55 beads with the desired size, without any need of a sep-> 
arate step of aging treatment, and the productivity being 
increased by both saving the energy needed in the proc- 
ess and shortening the reaction cycle, and the products 
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with the improved physical properties such as impact- 
resistance, rigidity, insulating properly, foaming proper- 
ty, etc. being produced. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] In order that the invention may be clearly un- 
derstood, reference is now made to the preferred em- 
bodiments illustrated hereinafter and figures, in which: 

Figure 1 is a schematic view of the overall construc- 
tion of the apparatus for producing foamed styrene 
resin according to the present invention. 
Figure 2 is a schematic view of a polymerization 
bath of the apparatus for producing foamed styrene 
resin according to the present invention. 
Figure 3 is a schematic view of a cooling circulator 
of the apparatus for producing foamed styrene resin 
according to the present invention. 
Figure 4 is a cross-sectioned view of a cooling cir- 
culator of the apparatus for producing foamed sty- 
rene resin according to the present invention. Fig- 
ure 5 is a schematic view of a cleaning drum screen 
of the apparatus for producing foamed styrene resin 
according to the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[0013] According to claim 1 of the present invention, 
an apparatus for producing foamed styrene resin beads 
is provided, in which it comprises: 

a) a prepolymerization bath; 

b) a main polymerization bath with a heating means 
and a circulating water cooling means; 

c) a dispersing tank with heating or cooling means 
and with agitating means upstream and connected 

. to the main polymerization bath; 

d) a pure water tank with temperature controlling 
means upstream and connected with the dispersing 
tank and the main polymerization bath; 

e) a styrene monomer tank upstream and connect- 
ed to the prepolymerization bath and the main po- 
lymerization bath; 

f) a screw feeder reactor positioned between the 
prepolymerization bath and the main polymeriza- 
tion bath; 

g) a foaming agent tank upstream and connected 
to the main polymerization bath; 

h) a multi-bended double pipe cooling circulator 
downstream and connected to the main polymeri- 
zation bath; 

i) a drum cleaning means with a motor driven drum 
screen and with an injection nozzle downstream 
and connected to the multi-bended double pipe 
cooling circulator; 

j) a slurry storage tank with agitator downstream 
and connected to the drum screen; 



k) a centrifuge and/or a dehumidificr upstream a 
hot-air drier. 

[0014] In a preferred embodiment of the present in- 
5 vention in the apparatus for producing foamed styrene 
resin beads the heating or cooling means equipped to 
the dispersing tank is constructed in such manner that 
a pipe surrounds at least five times along the interior 
wall'of the tank, with the inlet and the outlet being posi- 
/o tioned to the exterior thereof, and is able to heat or cool 
the mixtures in the tank by selectively supplying the 
steam or the cold water through the pipe. 
[0015] In another preferred embodiment of the 
present invention in the apparatus for producing foamed 
15 styrene resin beads the cooling circulator has a double 
pipe structure being able to exchange heat between the 
interior pipe and the exterior pipe by arranging several 
linear pipes to the same direction with a predetermined 
distance to each other, one end part of a linear pipe be- 
20 ing connected to an end part of a rounded pipe having 
the same diameter, the other end part of the rounded 
pipe being again connected to an end part of a former 
linear pipe, while the other end part of a linear pipe being 
connected to an end part of another rounded pipe also 
25 having the same diameter, the other end part of the 
rounded pipe being again connected to an end part of 
a latter linear pipe, whereby said several linear pipes 
and said rounded pipes being connected for fluid com- 
munication, and the respective linear pipes finally being 
30 surrounded by the corresponding number of exterior 
pipes which are also connected to each other, the diam- 
eter of which are bigger than those of interior pipes. 
[0016] In another preferred embodiment of the 
present invention in the apparatus tor producing roamed 
35 styrene resin beads the drum cleaning means has sev- 
eral screw fans, and comprises the drum screen being 
able to be rotated by a motor, with the guidance of a 
guide roller; several injecting nozzles injecting the pure 
water over the said drum screen; and a sealing cover 
40 and a frame containing and supporting ail of them. 
[001 7] Claim 5 of present invention further provides a 
method for producing foamed styrene resin beads, com- 
prising the steps of 

*5 a) heating pure water to about 70 °C in a pure water 
tank and supplying the water to a dispersing tank 
and a main polymerization bath; 

b) supplying a certain amount of styrene monomer 
from a styrene monomer tank to a prepolymeriza- 

50 tion bath and a main polymerization bath; 

c) supplying a foaming agent from a foaming agent 
tank to the main polymerization bath; 

d) heating the water and the additives to 70 to 90 
3 C and premixing them in the dispersing tank, and 

55 introducing the mixture into the main polymerization 
bath; 

e) polymerizing an amount of styrene monomer with 
the additives in the prepolymerization bath for the 
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first time to the conversion ratio of 5 -10%; 

f) polymerizing the reactants from the prepolymeri- 
zation bath in a screw feeder reactor positioned be- 
tween the prepolymerization bath and the main po- 
lymerization bath for a second time to the conver- 
sion ratio of 7 -20%; 

g) supplying the water, the additives and the styrene 
monomer from the pure water tank, the dispersing 
tank and the styrene monomer tank, respectively, 
and the prepolymerized reactants from the screw 
feeder reactor to the main polymerization bath and 
having them react with each other at 70 to 90 °C 
and react again at 110 to 135 °C to the conversion 
ratio of 99.80%; 

h) cooling and ageing the reacted resin beads from 
the main polymerization bath in a cooling circulator 
at the temperature below 20 °C by the use of cold 
water; 

i) washing out the impurities attached on the surface 
of the resin beads in a drum cleaning means with 
pure water injected from an injection nozzle; 

j) storing the cleaned resin beads in a slurry storage 
tank to the temperature below 1 5 °C while agitating 
them; 

k) removing the water and/or the moisture from the 
beads using a centrifuge and/or a dehumidifier; and 
I) dehumidifying and/or drying the beads at the tem- 
perature below 30 °C in a hot-air drier by use of hot- 
air. 

[0018] For a better understanding of the present in- 
vention, references made to the following description 
and its scope will be pointed out in the appended claims. 



DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0019] Figure 1 is an schematic view of the overall ap- 
paratus for producing foamed styrene resin according 
to the present invention. 

[0020] The apparatus for producing foamed styrene 
resin beads according to the present invention compris- 
es: a pure water tank 1 0 for supplying the pure water for 
a dispersing tank 1 2 and a main polymerization bath 1 6; 

a styrene monomer tank 11 for supplying the sty- 
rene monomer; a foaming agent tank 1 3 for supply- 
ing the foaming agent for the main polymerization 
bath 16; 

a dispersing tank 12 for supplying the additives; a 

prepolymerization bath 14 for prepolymerizing the 

styrene monomer with the additives; 

a screw feeder reactor 15; a main polymerization 

bath 16 as a main reactor; a cooling circulator 17 

for cooling and aging the resin beads; 

a drum screen 1 8 for cleansing; a slurry storage 

tank 1 9 for storing the resin beads; a centrifug 20; 

and a dehumidifier 22. 



[0021 ] The said pure water tank 1 0 supplies the pure 
water for a dispersing tank 1 2 and a main polymerization 
bath 16. 

[0022] The pure water tank 10 is equipped with a 
5 warming means for preheating the pure water to be in- 
troduced into the main polymerization bath to 50 -70 °C, 
in order to reduce the time required to the reaction cycle. 
[0023] The styrene monomer tank 11 containing an 
amount of styrene monomer supplies a predetermined 
10 amount of styrene monomer sequentially for the prepo- 
lymerization bath 14 and the main polymerization bath 
16. 

[0024] In the dispersing tank 1 2, the water, the disper- 
sants, the dispersing adjutants, the sizing agents forthe 
'5 resin beads, etc. are mixed by the agitating means, with 
being heated to 70 -90 °C, and then the mixtures are 
introduced into the main polymerization bath 16. 
[0025] When the additives are directly introduced to 
the main polymerization bath 16, they are hardly dis- 
20 solved due to being much less than the amount of the 
total reactants, they may be homogeneously mixed in 
the dispersing tank 12 and then introduced to the main 
polymerization bath 16, in order to achieve the dispers- 
ing effect of the additives to be distributed in the reac- 
ts tants. 

[0026] The foaming agents tank 1 3 supplies the foam- 
ing agents for foaming the resin to the main polymeri- 
zation bath 1 6, and the time point to introduce the foam- 
ing agents is when the conversion rate arrives at 94% 
30 in the main polymerization reaction. 

[0027] The prepolymerization bath 14 having a similar 
structure to the main polymerization bath 1 6 polymeriz- 
es an amount of the styrene monomer and the various 

additives from the styrene monomer tank 11 at 60 °C, 

35 to achieve a conversion rate of 5 -10%, prior to the main 
polymerization. 

[0028] The screw feeder reactor 15 is a pre-reactor 
equipped to connect the prepolymerization bath 14 with 
the main polymerization bath 16, with the semi-polym- 

^0 erized material having a conversion rate of 5M 0% from 
the prepolymerization bath 14, and also supplies the 
semi-polymerized material having a conversion rate of 
20% for the main polymerization bath 16. 
[0029] As seen in the Fig. 2, the main polymerization 

-^5 bath 16 is in the form of a sealed tank with a agitator 
having at least three screw fans and the heating and/or 
cooling means. 

[0030] The heating and/or cooling means of the inven- 
tion consist of the polymerization bath and the jacket 

so covering the inner wall of the polymerization bath with 
a spacing between therein in order to selectively supply 
hot or cold circulating water, with the result of heating 
and/or cooling the reactants in the bath by heat transfer 
of the interior wall of the bath. 

55 [0031] The polymerized reactants from the screw 
feeder r actor 15, the pure water of 50 -70 °C from the 
pure water tank 1 0, a certain amount of the styrene mon- 
omer from the styren monomer tank 1 1 and the mixed 
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additives from the dispersing tank 1 2 are introduced into 
the main polymerisation bath 16. 
[0032] in the main polymerization bath 16. the reac- 
tion is carried out by two steps, in which the first step is 
carried out at 70 -90 °C and the agitating rate is depend- 
ing on the size of the particles; and the second step is 
carried out at 110 -135 °C, in the presence of the foam- 
ing agents, under the inert gas. 
[0033] A conversion rate in the main polymerization 
bath 16 is 99.80%, and the reacted resin beads are 
cooled to 70 °C in its place. 

[0034] The cooling circulator 17 is a cooling means 
for refrigerating the reacted resin beads to be kept below 
20 °C. 

[0035] For such refrigeration, as seen from the Fig 3, 
the cooling circulator 1 7 forms a structure in which a pipe 
having a predetermined length is bended several times, 
like a zig-zag shape, the inlet and the outlet being con- 
nected to the main polymerization bath 16 and the drum 
screen 18, respectively, in order to keep a sufficient dis- 
tance forthe beads to flow for a desired time. In addition, 
as seen from the Fig 4, an another pipes through which 
the coolant, e.g. the cold water flows is positioned con- 
centrically around the said pipe, that is, in the shape of 
double piping. Thus, during the period that the resin 
beads flows along the interior pipe, there can be a heat 
exchange with the coolant, to loss the heat, resulting in 
the desired temperature of the resin beads kept. 
[0036] The resin beads pass through the cooling cir- 
culator 17 for a certain time period while keeping the 
temperature below 20 °C, therefore, the interior cell of 
the resin beads becomes even in sizes, with completely 
excluding additional aging period. 
[0037] — As see n from Fiy. 5, ttre said drum screen 1 8 
as a washing means for the purpose of enhancing the 
melt-adhesive property and providing a smooth surface, 
has several screw fans, and comprises a cylindrical 
drum rotated by the driving motor; an injecting nozzle 
positioned over the drum; a sealing type cover and a 
frame covering and supporting the above elements. 
[0038] In the drum screen 13, the impurities are re- 
moved from the surface of the resin beads by cleansing 
the cooled beads from cooling circulator with the pure 
water injected from the nozzle. 

[G039] Since the resin beads proceeds along the 
route provided by the screw with irr.^acting each other, 
and are subjected with the washing force of the pure 
water, the method of the invention can achieve much 
higher cleansing effects compared to the prior art, in 
which the beads are stirred in the cleansing liquid. And 
the washing process can continuously proceed, so that 
the continuation and automation of the process may be 
possible. 

[0040] The slurry storage tank 13 as a cooling bath 
keeps the cleaned resin beads below the temperature 
of 15 °C with agitating, --v- 
[0041] The centrifuge 20 is a means for dehumidifying 
as much moisture contained in the resin beads as pos- 



sible, prior to the dn/ing step. 

[0042] In particular, the apparatus according to the in- 
vention are equipped with an additional dehumidifying 
system 21 which dehumidtfies the dehumidified resin 

5 beads once more, and by using the system 21 , the foam- 
ing agent is prevented from leaking out from the resin 
beads with drying temperature below 30 °C. 
[0043] The dehumidifier/dryer 22 is a means for com- 
pletely excluding the moisture from the resin beads, re- 

10 suiting in the end products having a desired particle size. 
[0044] Hereinafter, according to the invention, ther 
process for preparation of the foamed styrene resin 
beads is described in more detail. 
[0045] The process for preparation of the foamed sty- 

*5 rene resin beads according to the invention include add- 
ing various additives depending on the reaction steps, 
such as the pre-reaction step, the screw feeder reaction 
step and the main reaction step, the main reaction step 
being divided into two stage reaction depending on the 

20 temperature. 

' [0046] The composition in the prepolymerization step 
comprises styrene monomer, the flame-retardant. the 
flame-retardant adjuvant, and th e cross-linking agents 
to be polymerized at a conversion rate of 5-10%, and 

25 with an aromatic hydrocarbon ^chain-transfer agents 
added in the screw feeder reactor, the polymerization 
proceeds at a conversion rate of 7-20%, and then the 
mixtures are introduced into the main polymerization 
bath. 

.10 [0047] The amount of the pure water introduced for 
the first time into the main polymerization bath is the 
same as the styrene monomer. 

[0048] The pure water introduced into the main po- 

l ymerizatiun bath is preheated tu 50-70 ° C by healing 

25 tank in order to shorten the reaction cycle. 

[0049] Also, the water, the dispersing agents, the dis- 

persing-adjuvant, and the sizing agents are added with 

heating to 70-90 °C. 

[0050] The mixture is introduced and an amount of the 
40 styrene monomer is also introduced into the main po- 
lymerization bath. 

[0051 ] In addition, the polymerized reactants from the 
screw feeder reactor are introduced into the main po- 
lymerization bath with increasing the temperature to 

J* 70-90 3 C for 30 to 60 minutes. 

[0052] The reaction in the main polymerization bath 
consists of two stages, the first stage being carried out 
between 70-90 °C, the second stage being carried out 
between 110-135 °C, and when the temperature is in- 

50 creased from the first stage to the second stage, the 
foaming agents and the inert gas is introduced at the 
same time with the desired pressure. 
[0053] The inert gas serves to permeate the foaming 
agent, etc. into the resin beacs. 

55 [0054] After reaction, the resin beads are passed 
through the cooling circulator to reduce the reaction cy- 
cles. 

[0055] The resin beads passed through the cooling 
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circulator is washed with the pure water for 20-30 min- 
utes via a drum screen in order to improve melt-adhe- 
sive, impact-resistance, strength, etc. of the beads, and 
then agitated under the temperature below 15 °C. 
[0056] In particular, the apparatus according to the in- 
vention is equipped with the additional dehumidifying 
system 21 which dehumidifies the dehumidified resin 
beads once more, and by using the system 2 1 , the foam- 
ing agent is prevented from leaking out from the resin 
beads with drying temperature below 30 °C. 
[0057] The beads produced through the above steps 
of the invention do not need an additional aging step, 
and have a stable storage property without a leak-out of 
the foaming agents, a good foaming property, etc. 
[0058] As described above, the invention provides 
various advantages, as follows: that is, the method of 
the invention can achieve much higher cleansing effects 
compared to the prior art; the washing process can be 
continuously proceeded, so that the continuation and 
automation of the process may be possible; the beads 
do not need an additional aging step, and have a stable 
storage property without a leak-out of the foaming 
agents, a good foaming property, etc. 

Claims 

1. An apparatus for producing foamed styrene resin 
beads, comprising: 

a) a prepolymerization bath (14); 

b) a main polymerization bath (1 6) with a heat- 
ing means and a circulating water cooling 

means - 

c) a dispersing tank (12) with heating orcooling 
means and with agitating means upstream and 
connected to the main polymerization bath 

(16) ; 

d) a pure water tank ( 1 0) with temperature con- 
trolling means upstream and connected with 
the dispersing tank (1 2) and the main polymer- 
ization bath (16); 

e) a styrene monomer tank (11) upstream and 
connected to the prepolymerization bath (14) 
and the main polymerization bath (16); 

f) a screw feeder reactor (15) positioned be- 
tween the prepolymerization bath (14) and the 
main polymerization bath (16); 

g) a foaming agenttank (13) upstream and con- 
nected to the main polymerization bath (16); 

h) a multi-bended double pipe cooling circulator 

(17) downstream and connected to the main 
polymerization bath (16); 

i) a drum cleaning means (1 8) with a motor driv- 
en drum screen and with an injection nozzle 
downstream and connected to the multi-bend- 
ed double pipe cooling circulator (1 7); 

j) a slurry storage tank (1 9) with agitator down- 



stream and connected to the drum screen (18); 
k) a centrifuge (20) and/or a dohumidifier (21) 
upstream a hot-air drier (22). 

5 2. The apparatus for producing foamed styrene resin 
beads according to claim 1 , wherein the heating or 
cooling means equipped to the dispersing tank (12) 
is constructed in such manner that a pipe surrounds 
at least five times along the interior wall of the tank, 

io with the inlet and the outlet being positioned to the 
exterior thereof, and is able to heat or cool the mix- 
tures in the tank by selectively supplying the steam 
or the cold water through the pipe. 

'5 3. the apparatus for producing foamed styrene resin 
beads according to claim 1 , wherein the cooling cir- 
culator (1 7) has a double pipe structure being able 
to exchange heat between the interior pipe and the 
exterior pipe by arranging several linear pipes to the 

20 same direction with a predetermined distance to 
each other, one end part of a linear pipe being con- 
nected to an end part of a rounded pipe having the 
same diameter, the other end part of the rounded 
pipe being again connected to an end part of a 

25 former linear pipe, while the other end part of a lin- 
ear pipe being connected to an end part of another 
rounded pipe also having the same diameter, the 
other end part of the rounded pipe being again con- 
nected to an end part of a latter linear pipe, whereby 

30 said several linear pipes and said rounded pipes be- 
ing connected for fluid communication, and the re- 
spective linear pipes finally being surrounded by the 
corresponding number of exterior pipes which are 

also connect e d t o -o ach oth e r, th e diam ete r of wh i ch 

35 are bigger than those of interior pipes. 

4. The apparatus for producing foamed styrene resin 
beads according to claim 1, wherein the drum 
cleaning means (18) has several screw fans, and 



erization bath (16); 

c) supplying a foaming*agent from a foaming 
agent tank (1 3) to the main polymerization bath 



40 comprises the drum screen being able to be rotated 
by a motor, with the guidance of a guide roller; sev- 
eral injecting nozzles injecting the pure water over 
the said drum screen; and a sealing cover and a 
frame containing and supporting all of them. 

45 

5. A method for producing foamed styrene resin 
beads, comprising the steps of 

a) heating pure water to about 70 3 C in a pure 
so water tank ( 1 0) and supplying the water to a dis- 
persing tank (12) and a main polymerization 
bath (16); 

b) supplying a certain amount of styrene mon- 
omer from a styrene monomer tank (11) to a 

55 prepolymerization bath (14) and a main polym- 



1 1 



EP 0 925 899 B1 



12 



(16); 

d) heating the water and the additives to 70 to 
90 °C and premixing them in the dispersing 
tank (12), and introducing the mixture into the 
main polymerization bath (16); 5 

e) polymerizing an amount of styrene monomer 
with the additives in the prepolymerization bath 

(14) for the first time to the conversion ratio of 
5 -10%; 

f) polymerizing the reactants from the prepo- 10 
lymerization bath (1 4) in a screw feeder reactor 

(15) positioned between the prepolymerization 
bath (1 4) and the main polymerization bath (16) 
for a second time to the conversion ratio of 7 
-20%; ' is 

g) supplying the water, the additives and the 
styrene monomer from the pure water tank 
(10), the dispersing tank (12) and the styrene 
monomer tank (11), respectively, and the pre- 
polymerized reactants from the screw feeder 20 
reactor (15) to the main polymerization bath 

(16) and having them react with each other at 
•70 to 90 °C and react again at 110 to 135 °C to 
the conversion ratio of 99.80%; 

h) cooling and ageing the reacted resin beads 25 
from the main polymerization bath (16) in a 
cooling circulator ( 1 7) at the temperature below 

20 °C by the use of cold water; 

i) washing out the impurities attached on the 
surface of the resin beads in a drum cleaning 30 2. 
means (1 8) with pure water injected from an in- 
jection nozzle; 

j) storing the cleaned resin beads in a slurry 



bunden mit dem Dispersionstank (12) und dcm 
Hauptpolymerisationsbad (16), 

e) einem Styrolmonomertank (11) stromauf- 
warts von und verbunden mit dem Vorpolyme- 
risationsbad (14) und dem Hauptpolymerisati- 
onsbad (16), 

f) einem Schneckeforderreaktor (16), der zwi- 
schen dem Vorpolymerisationsbad (14) und 
dem Hauptpolymerisationsbad (16) angeord- 
net ist, 

g) einem Treibmitteltank (13) stromaufwarts 
von und verbunden mit dem Hauptpolymerisa- 
tionsbad (16), 

h) einem mehrfach gewundenen Doppellei- 
tungsumlaufkuhler (17) stromabwarts von und 
verbunden mit dem Hauptpolymerisationsbad 
(16), 

i) einer Trommelreinigungseinrichtung (18) mit 
einem motorgetriebenen Trommelsieb und mit 
einer Einspritzduse stromabwarts von und ver- 
bunden mit dem mehrfach gewundenen Dop- 
pelleitungsumlaufkuhler (17), 

j) einem Schlammvorratsbehalter (19) mit ei- 
nem Ruhrwerk stromabwarts von und verbun- 
den mit dem Trommelsieb (18), 
k) einer Zentrifuge (20) und/oder einem Ent- 
feuchter (21) stromaufwarts eines Hei Blurt - 
trockners (22). 

Vorrichtung zur Herstellung geschaumter Styroi- 
harzperlen nach Anspruch 1, wobei die Heiz- Oder 
Kuhleinrichtung, mit welcher der Dispersionstank 
(12) ausqestattet ist, in solch einer Art und Weise 



storage tank (19) to the temperature below 15 
°C while agitating them; 35 
k) removing the water and/or the moisture from 
the beads using a centrifuge (20) and/or a de- 
humidifier (21); and 

I) dehumidifying and/or drying the beads at the 
temperature below 30 °C in a hot-air drier (22) *o 
by use of hot-air. 



Patentanspruche 

45 

1 . Vorrichtung zur Herstellung von geschaumten Sty- 
rolharzperlen mit 

a) einem Vorpolymerisationsbad (14), 

b) einem Hauptpolymerisationsbad (1 6) mit ei- so 
ner Heizeinrichtung und einer Umlaufwasser- 
kuhlein richtung, 

c) einem Dispersionstank (12) mit Heiz- oder 
Kuhleinrichtungen und mit Ruhreinrichtungen 
stromaufwarts von und verbunden mit dem 55 
Hauptpolymerisationsbad (16), 

d) einem Reinwassertank (1 0) mit Temperatur- 
regeleinrichtungen stromaufwarts von und ver- 



konstruiert ist, daB eine Leitung wenigstens funf 
mal entlang der Innenwand des Tanks herumlauft, 
wobei der EinlaB und der AusiaB an der AuBenseite . 
davon angeordnet sind, und welche die Gemische 
in dem Tank durch selektives Zufuhren vcn Dampf 
oder von kaltem Wasser durch die Leitung heizen 
oder kuhlen kann. 

Vorrichtung zur Herstellung von geschaumten Sty- 
rolharzperlen nach Anspruch 1 , wobei der Umlauf- 
kuhier (17) einen Doppelleitungsaufbau hat, wel- 
cher Warme zwischen der inneren Leitung und der 
auBeren Leitung austauschen kann, indem mehre- 
re gerade Leitungen in der gleichen Richtung mit 
einem vorherbestimmten Abstand zueinander an- 
geordnet sind, wobei ein Endabschnitt einer gera- 
den Leitung mit einem Endabschnitt einer gerunde- 
ten Leitung, welche den gleichen Durchmesserhat, 
verbunden ist, der andere Endabschnitt der gerun- 
deten Leitung wiederum mit einem Endabschnitt ei- 
ner vorhergehenden geraden Leitung verbunden 
ist, wahrend der andere Endabschnitt einer gera- 
den Leitung mit einem Endabschnitt einer weiferen 
gerundeten Leitung, die auch den gleichen Durch- 
messer hat, verbunden ist, der andere Endab- 



13 



EP 0 925 899 B1 



14 



schnitt der gerundeten Leitung wiederum mit einem 




h) die umgesetzten Harzperlen aus dem Haupt- 


Endabschnitt einer nachfolgenden geraden Leitung 




polymerisationsbad (16) in einem Umlaufkuh- 


verbunden ist, wobei die verschiedenen geraden 




ler (17) bei einer Temperatur unterhalb von 


Leitungen und die gerundeten Leitungen fur eine 




20°C unter Verwendung von kaltem Wasser 


Fluidverbindung miteinander verbunden sind und 


5 


kuhit und altern laBt, 


die jeweiligen geraden Leitungen schlieBlich von 




i) die Verunreinigungen, die an der Oberflache J 


der entsprechenden Anzahl auBerer Leitungen, 




der Harzperlen anhaften, in einer Trommelrei- % 


welche ebenfalls miteinander verbunden sind, um- 




nigungseinrichtung (18) mit Reinwasser, wel- 


geben sind, deren Durchmesser groBer sind ais 




• ches aus einer Einspritzduse eingespritzt wird, 


diejenigen der inneren Leitungen. 


10 


auswascht, 






j) die gereinigten Harzperlen in einem 


4. Vorrichtung zur Herstellung geschaumter Styrol- 




Schlammvorratsbehalter(19) bei einer Tempe- 


harzperlen nach Anspruch 1 , wobei die Trommel- 




ratur unterhalb von 15°C lagert, wahrend man 


reinigungseinrichtung (18) mehrere Schraubenge- 




sie ruhrt, 


blase hat und das Trommelsieb aufweist, welches 


15 


k) das Wasser und/oder die Feuchtigkeit aus 


von einem Motor unter Fuhrung einer Fuhrungsrolle 




den Perlen unter Verwendung einer Zentrifuge 


rotiert werden kann, mehrere Einspritzdusen, wel- 




(20) und/oder eines Entfeuchters (21) entfernt 


che das Reinwasser uber dem Trommelsieb ein- 




und 


spritzen, und einen VerschluBdeckel und einen 




i) die Perlen bei einer Temperatur unterhalb von 


Rahmen, der dies alles enthalt und tragt, aufweist. 


20 


30°C in einem HeiBlufttrockner (22) unter Ver- 






wendung von heiBer Luft entfeuchtet und/oder 


5. Verfahren zur Herstellung geschaumter Styrolharz- 




trocknet. 


perlen mit den Stufen, in denen man 






a) Reinwasser auf etwa 70°C in einem Rein- 


25 


Revendications 


wassertank (1 0) erhitzt und das Wasser einem 






Dispersionstank (12) und einem Hauptpolyme- 




1. Appareil pour produire des perles de resine de 


risationsbad (16) zufuhrt, 




mousse en styrene : comprenant : 


b) eine bestimmte Menge Styrolmonomer aus 






einem Styrolmonomertank (11) einem Vorpoly- 


30 


a) un bain de prepolymerisation (14) ; 


merisationsbad (14) und einem Hauptpolyme- 




b) un bain principal de polymerisation (1 6) com- 


risationsbad (16) zufuhrt, 




portant des moyens de chauffage et des 


c) ein Treibmittel aus einem Treibmitteitank 




moyens de refroidissement par eau de 


(13) dem Haupipolymensauonsbad (1t>) zu- 




circulation ; 


fuhrt, 


35 


c) un reservoir de dispersion (12), comportant 


d) das Wasser und die Zusatze auf 70 bis 90°C 




des moyens de chauffage ou de refroidisse- 


erhitzt und sie in dem Dispersionstank (12) vor- 




ment et des moyens cf agitation, qui est relie au 


mischt und das Gemisch in das Hauptpolyme- 




bain principal de polymerisation (16) et qui est 


risationsbad (16) einfuhrt, 




dispose en amont ; 


e) eine Menge an Styrolmonomer mit den Zu- 


40 


d) un reservoir d'eau pure (10) situe en amont 


satzen in dem Vorpolymerisationsbad (14) ein 




comportant des moyens de controle de la tem- 


erstes Mai bis zu der Umsetzungsrate von 5 - 




perature et qui est relie au reservoir de disper- 


10% polymehsiert, 




sion (1 2) et au bain principal de polymerisation 


f) die Reaktanten aus dem Vorpolymerisations- 




(16); 


bad (14) in einem Schneckenforderreaktor 


45 


e) un reservoir de styrene mcnomere (11) qui 


(1 5), der zwischen dem Vorpolymerisationsbad 




est relie au bain de prepolymerisation (14) et 


(14) und dem Hauptpolymerisationsbad (16) 




au bain principal de polymerisation (16), etqui 


angeordnet ist, ein zweites Mai bis zu der Um- 




est dispose en amont ; 


setzungsrate von 7 - 20% polymehsiert, 




f) un reacteur (1 5) d'alimentation a vis position- 


g) das Wasser, die Zusatze und das Styrolmo- 


50 


ne entre lebain de prepolymerisation (14) et le 


nomer aus dem Reinwassertank (1 0), dem Di- 




bain principal de polymerisation (16) ; 


spersionstank (12) bzw. dem Styrolmonomer- 




g) un reservoir (13) d'agent de moussage qui 


tank (11) und die vorpolymerisierten Reaktan- 




est relie au bain principal de polymerisation 


ten aus dem Schnekkenforderreaktor (15) dem 




(16) et qui est dispose en amont ; 


Hauptpolymerisationsbad (16) zufuhrt und sie 


55 


h) un circuiateur (1 7) de refroidissement a con- 


miteinander bei 70 bis 90°C umsetzen laBt und 




duit double a courbures multiples qui est relie 


sie nochmals bei 1 1 0 bis 1 35°C bis zu der Um- 




au bain principal de polymerisation (16) et qui 


setzungsrate von 99,80% umsetzen laBt, 




est dispose en aval ; 
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2. 



i) un moyen de ncttoyage a tambour (1 8), com- 
portant un tamis de tambour motorise et une 
buse d'injection, et qui est relie au circulateur 
(17) de refroidissement a conduit double a 
courbures multiples, et qui est dispose en aval ; 5 
j) un reservoir (19) de stockage de boue com- 5. 
portant un agitateur qui est relie au tamis de 
tambour (18) et qui est dispose en aval ; 
k) une centrifugeuse (20) et/ou un deshumidi- 
ficateur (21 ) disposes en amont d'un secheur a '0 
airchaud (22). 



Appareil pour la production de perles de resine de 
mousse de styrene selon la revendication 1 , dans 
lequel les moyens de chauffage ou de refroidisse- 
ment qui equipent le reservoir de dispersion (12) 
sont construits de telle maniere qu'un conduit tour- 
ne au moins cinq fois le long de la paroi interieure 
du reservoir, Pentree et la sortie etant positionnees 
a I'exterieur du reservoir, et que ces moyens sont 
susceptibies de chauffer ou de refroidir les melan- 
ges contenus dans le reservoir en amenant de fa- 
con selective de la vapeur ou de I'eau froide a tra- 
vers le conduit. 



15 



20 



25 



3. 



Appareil pour la production de perles de resine de 
mousse de styrene selon la revendication 1 , dans 
lequel le circulateur (17) de refroidissement com- 
porte une structure de conduit double qui est sus- 
ceptible d'echanger de la chaleur entre le conduit 
interieur et le conduit exterieur en disposant plu- 
sieurs conduits lineaires dans la meme direction k 
une distance predeterminee les uns des autres, une 



30 



partie d'extremite d'un conduit lineaire etant reliee 
k une partie d'extremite d'un conduit courbe ayant 35 
le meme diametre, Pautre partie d'extremite du con- 
duit courbe etant a nouveau reliee a une partie d'ex- 
tremite d'un conduit lineaire precedent, tandis que 
Pautre partie d'extremite d'un conduit lineaire est re- 
liee a une partie d'extremite d'un autre conduit cour- 40 
be ayant egalement le meme diametre, Pautre par- 
tie d'extremite du conduit courbe etant k nouveau 
reliee a une partied'extremite d'un conduit lineaire 
ulterieur, grace a quoi les divers conduits lineaires 
precites et lesdits conduits courbes sont relies pour 45 
permettre la communication d'un fluide, et les con- 
duits lineaires respectifs sont finalement entoures 
par le nombre correspondant de conduits exterieurs 
qui sont egalement relies les uns aux autres, leur 
diametre etant plus grand que celui des conduits 50 
interieurs. 

Appareil pour la production de perles de resine de 
mousse de styrene selon la revendication 1 , dans 
lequel le moyen de nettoyage a tambour (18) com- 55 
porte plusieurs pales en heiice, et comporte le tamis 
a tambour qui est susceptible d'etre entraine en ro- 
tation par un moteur, en etant guide par un galet de 



guidage ; diverses buses d'injection injectant de 
I'eau pure par-dessus ledit tamis a tambour et un 
couvercle d'etancheite et un bati contenant et sup- 
portant le tout 

Precede pour la production de perles de resine de 
mousse de styrene comprenant les etapes consis- 
tant a 

a) chauffer de I'eau pure jusqu'a environ 70°C 
dans un reservoir d'eau pure (10) et fournir de 
I'eau a un reservoir de dispersion (12) et a un 
bain principal (16) de polymerisation ; 

b) fournir une certaine quantite d'un styrene 
monomere a partir d'un reservoir (1 1 ) de styre- 
ne monomere a un bain de prepolymerisation 
(14) et a un bain principal de polymerisation 
(16); 

c) fournir un agent de moussage a partir d'un 
reservoir (13) d'agent de moussage au bain 
principal (16) de polymerisation ; 

d) chauffer I'eau et les additifs jusqu'a 70 - 90°C 
et les melanger prealablement dans le reser- 
voir de dispersion (12), et introduire le melange 
dans le bain principal de polymerisation (16) ; 

e) polymeriser une quantite de styrene mono- 
mere avec les additifs dans le bain (14) de pre- 
polymerisation pour la premiere fois jusqu'a un 
rapport de conversion de 5-10% ; 

f) polymeriser les produits de la reaction a partir 
du bain de prepolymerisation (14) dans un 
reacteur d'alimentation a vis (1 5) positionne en- 
tre le bain (14) de prepolymerisation et le bain 



principal (16) de polymerisation pour une se- 
conde fois jusqu'& un rapport de conversion de 
7-20% ; 

g) fournir I'eau, les additifs et le styrene mono- 
mere depuis le reservoir d'eau pure (1 0), le re- 
servoir de dispersion (1 2) et le reservoir (1 1 ) de 
styrene monomere, respectivement, et les pro- 
duits de la reaction prepolymerises provenant 
du reacteur (15) d'alimentation a vis au bain 
principal (16) de polymerisation et en les fai- 
sant reagir entre eux k 70-90°C et en les faisant 
reagir a nouveau a 110-135°C jusqu'a un rap- 
port de conversion de 99,80% ; 

h) refroidir et laisser vieillir les perles de resine 
de la reaction provenant du bain principal de 
polymerisation (1 6) dans un circulateur (1 7) de 
refroidissement a une temperature inferieure a 
20°C en utilisant de I'eau froide ; 

i) eliminer par lavage les impuretes fixees sur 
la surface des perles de resine dans un moyen 
de nettoyage a tambour (1 8) avec de I'eau pure 
injectee a partir d'une buse d'injection ; 

j) stocker les peries de resine nettoyees dans 
un reservoir de stockage de boue (19) a une 
temperature inferieure a'15'C tout en agitant ; 
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k) eliminer Peau et/ou I'humidite des paries en 
utilisant une centrifugeuse (20) et/ou un deshu- 
midificateur (21) ; et 

I) deshumidifier et/ou secher les perles a une 
temperature inferieure a 30°C dans un secheur 
a air chaud (22) en utilisant de I'air chaud. 
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